OVERNMENT ' REGULA-
TIONS of meat composition
and labeling plus the higher price
of meat protein has made analysis
for fat, moisture and protein in-
creasingly important to the meat
processor. ,
Production time considerations
and the widespread nature of the

problem demands an analysis sys-

tem that is fast and inexpensive
enough for on-line testing by even

the small processor. The official

AOAC methods are inexpensive
and accurate but much too slow—
a minimum | hour for fat and 2
hours for moisture.

The following survey of cur-
rently available methods for ana-
lyzing meat is based on research
by J. D. Pettinati, C. E. Swift and
E. H. Cohén of the USDA's Agri-
cultural Research Service. Eastern
Regional Research Center, Phila-
delphia. They are currently at-
- :mpting to find practical alterna-
tives to the official testing

methods.Further information was
gathered directly by WESTERN
MEAT INDUSTRY.

The table compares the methods
studied with the accuracy of the
AOAC methods. Some newer
equipment’ still has not been
studied so the results of the re-
search are still somewhat tentative
and arbitrary.

Chosing the

.proper testing

equipment for a specific. process-.

ing operation should be based on
the right combination of .equip-
ment characteristics. These vari-
ables include: the size of the sam-
ple, whether the sample must be
fresh or can contain additives,
whether the sample is usable after
the test, the cost of the equipment
and the technical skill necessary
for the operation.

Of course, the accuracy of the
method is of prime importance.
The USDA researchers consider
a standard deviation below 0.7 to
be quite good. The AOAC meth-

ods in comparison have standard
deviations of plus or minus 0.29%
for moisture and plus or minus
0.40% for fat.

A large size sample yields better
results for ground meat with large
meat particles since sampling and
mixing become less rigorous. For
emulsions the sample size is not as
important but the method must not
be sensitive to non-meat additions
if the method is to be used onthe
final product.

The table comparing the analyti-
cal methods was published in the
Journal of the Assoc. of Official
Analytical Chemists in May, 1973.
Therefore. the prices indicated
may not be current in some cases.

The mean difference indicated
in the table is the average alge-
braic sum of differences in the per-
centage fat .or moisture betwesn
the stated method and the official
AOAC method. The range of dif-
ferences shows the results of ex-



FAT TESTING METHOCS

Time
Maethod® required  Sampie Mesn Cost of
£ il tor a singie  size). No. of ditterence.’ Range.* Std dav..” equioment’
Na. Type charsctaristic anaiysis '3 analyses* % fat < fat % tat and training®
Sotvent Extraction 1 ADAC otficiat Soxhlet or Goldfisch  Thr L] L (] 0.7 0.5 $75 per Saxhlet
axtraction unit; 3850 per
. Goldfisch unit. 2
2 Moditied Method rapid125° cryingend Y-l fr 4 z s ~3.8 1o +0.2 (X} same as sbove
No. 1 rapid extraction
3 Moisture balance CCl, satraction aftec 3555 min 2.8 a «8.1 «2.4 to +1.8 1.0 $12%0, 1
(Uttra-X) drying :
4  Extracted residue MICTO VBCUUIR Oven 1=2 hr b} % -1.8 -2.6 to +0.7 0.8 >%$200, 2
(Si-Mo-Fat)
§  Distiltation extract azeotrovic distilla-  %-lhe 10 15 -0.7 . 0.9 0.4 3752
i th (for both (m-xylene) -
i i 16 -3.3 0.5 8.5
and faQ) (cumens)
6 10 min 100 i 03 not svadavie 02 31002
sotvent extraction
Babcock 7 Modified Babeack modified Paley bot.  20-X min ] 20 -0.1 1.0 a.z% <350 (for ¢ sam-.
tie, with or without R 6.2 -0.6 o +1.2 0.4 ples), 1
cantritugation
8 Modified Babcock, samae 83 sbove 0 min L 19 ] «3.4 to +0.5 0.2 same ss above
HCIO-HOAS
9  Moditied Babeoek, same as sbove 1S min $ ” -3.2 -1.3 15 +1.6 2.6 same as sbove
HCI.OMSC .
10 Modified Badcock same as Above, 35 min 9 2 0.2 ‘=g.8 to +1.2 8.4 $300, with centri-
(Banco) Sanco resgents tugs. 2
11 “Rendering inverted hot piste 15 min %.5 “ -2.3 «4.1 19 =0.5 not svailable 31951
Re"d"mg (Mobart) and collector @ o2)
12 Rendering (Goss) resistance heater 13 min 15-25 notavsiistie notavailadle 1.5 notavsilable <3100, 1
and collector
) 13 icrowave oven emin o . 03 2210108 as $5000.2
. (Hosern
Specific Gravity . 14 Seecific gravity semisutomatic 3 min m e 0.1 2.4 1.2 $10,000 or rental,
(Honeyweil) weignt and volume % -1.9 %3.4 1.8 1
15  Seecitic gravity ot hegtane extracts, 1S mn 20-40 o 8.3 ~0.9 1o +3.3 3.5 >$300, 2
extracts hydrameters
18 specific gravity Tetrachicroethiene £5 min s [ 1twe2t 07 342002
of extract (Foss) extraction -
17  Separatory funnel sxtraction §X with 1.52he B 3 0.2 -1.1t0 +1.5 0.7 <3%.1 .
Other Methods ather .
18 ' Intrared sbsorotion soectrophotometry <5 min 1 ' nctavailable  notaveilabie 1.4 >$3.000. 3
19  X.rsy sosorptien siectronic unit § min 5902 12 notsvsilatle  £1.5 0.5 $5.000/yesr rent-
(Anyi-Ray) : 13 1v) al, L
20 - Capacitance solvent extraction 20 min ] 2 9.2 -1.9t0 +1.2 0.8 >4500, 2
(Steinlite) -
21 Capacitance distiliation extractis 2 min 15 19 0.3 ~2.110 +2.9 1.3 >$500, 2
(AMIF) messured
22  intrared atsorption 10 sec 0 ‘ot [X] $350/yr. rental
tNeotec) : !
23 EBlecincsl 10 sac 0. £ 22133 154 $28.000.1
" condustrvity (Emme)
MOISTURE TESTING METHODS
Time No. Mean Std Cast of
Methoa® required Sempie of diftar- dev./ % squipment®
Essentiat for 2 single size.t analy. encef% Range.* mois- and
No. Type Hati ysi 2 ses* moisture % mosture ture training®
¢ 24 AOAC official 100-102° air oven 1613 0r - 108 [ not availabie 0.5 >$250, 1
Evapontlon 25 AOAC officist 125* mechanical con- 24 hr &5 108 9.2 -1.0 o +1.2 .33 >$%00, 1
vectior oven
26 Modified Mathod No. 2 125-150° gravity oven -4 hr -5 12 0 0.3 to +1.0 .7 >8%.1
27 High temperature oven 200° mechanical con- >15 min -3 - [ ] -3.4 to +8.5 0.2 :>$500, 1
. vection oven
28  AOAC officiat ~ 95-100° vacuum oven Shr -5 T 0.2 -1.5 to +1.1 a.4 >31%0, 1
23 \low tempennture 70° vecuum oven 1618 hr L] 181 -4.1 ~l.4to +#3.4 26 >3150, 1
vacuum oven .
30 Mot piste 200° 3t surface 2045 min 10 A 0.7 ~0.9 to +0.7 0.7 <5100, 1
infrared Absorption 31 Infrared radistion oven IR heater, built-in 40-60 min 12 u 0.1 +0.5 e.5 >$600, 1
({Dynatronic) beisnce
32 Infrared radiation tamp IR temp, built-in 1525 min .5 a3 -9.5 -1.7 t9 +2.2 1.0 >$400, 1
(Uitra-X) balance
33 intrered balance IR tamp, saparats A4S min 15-20 24 0.4 “8.3 to 0.4 e.3 $100, 1
{(Ohaus) balance . :
'Azgog-gpic Distiltation 34. Azaotropic distillation distiliation with butyt ne 18 L 1.0 4.7 W +2.3 0.8 >$200, 2
(Si-Mo-Fat) ether
35 Azeotrooic disuilation distiliation with 2-octa- 15 min 15 19 -3.7 1.9 1.1 >$100, 2
(AMIF) not
36 Azeoctropic distillation distillstion with various %u min 10 2!( L] -3.7 to +1.3 9.5 <3100, 2
(Cohen) sotvents 2 min 10 24
Other Methods 37 Aetractometry memanot extract &10 mn » » 28 2911018 03 s850.2
38 Gas-hauid methanc! extract 10 min 2 k) 83 l4w1S 83 $18.000.2
enromatograony

The above tadies were published in the Journai of the Association of Off
methods (No. 5,13, 16,
Reciprocal Meat Cenference of

manufaciurers.

mne American Meat Science Assac. Data for methods’

35 and 36) were optained {roM a suDsequent 2aoer oy

ficial Analytical Chemists (Vol. 58. No. 3. 1973). Acdiional
Pettinat. Swiit anc Conen oresented at the 26th Annual
No. 22 ang 23 were optained directly from the



periments after the mean differ-
ence was added or substracted.
The training necessary is indicated

in the last column by the number .

1 for brief training; 2 for moder-
ate; and 3 for thorough training.

FAT TESTIRG

SOLVENT EXTRACTION

"As with most analytical methods
that yield high accuracy, the offi-
cial AOAC method of fat analysis
is very time consuming. The ether
extraction of fat from the meat
product and its subsequent distilla-
tion requires 7 hours (See table,
method ‘No. 1). A modification

- (method 2) of this still takes %-1% -

hrs. This amount of time precludes
-using this method for such control
measures as preblend analysis.

The solvent extracted from the
residue of azeotropic distillation
for moisture testing (methods 32,
33, and 34 in the table) can be
used to determine fat (methods 4,
5 and 21). The Ultra-X (method
30) has a dry residue suitable for
solvent extraction for fat.

Most of the solvent extraction
methods are quite lengthly except
for the chloroform-methanol meth-
od (No. 6) which requires only 10
minutes. The accuracy was very
good but the USDA researchers
warn that the results came from
tests on only low fat meat types—

* lamb and veal. Extraction with m-
xylene or cumene (method 5) is
only fast enough for screening but
the method is accurate and thor-
oughly tested.

The equipment involved in these
extractions are not expensive and
the training is moderate.

BABCOCK TYPE METHODS

The Babcock type methods are
relatively rapid (8-30 min.), are re-
latively easy to perform and re-
quire a low investment in equip-
ment. Acid or enzyme is used to di-
gest the meat and then a centri-
fuge separates the fat so it can be
measured by volume. No spices
can be in the tested meat product
since they will float below the fat

rendering the measurement inac-
curate.

"The use of sulfuric acid for di-
gestion is a problem in some of the
methods since it is hazardous for
the technician and it may char
some samples. The type of acid to
be used depends on the type of
meat product to be tested.

Digesticn by heating suifuric
acid and hydrogen peroxide ‘is
claimed to have a very broad
range of applicable meat products
but the method is not yet thorough-
ly tested.

RENDERING METHODS

Simple heating of the sample
until it melts into a collecting ves-
sel is the basis for the rendering
method. The rendered fat is meas-

ured by volume or gravimetrically. .

This measurement would be more
direct if the fat were pressed out
of the residue. These methods are
fast (4-15 minutes) and quite accu-
rate.

The microwave system (method
13) is relatively new but if it proves
as accurate as the preliminary

~ tests indicate it would be very use-

ful since it requires only four min-
utes. After the moisture is vapor-
ized and the fat is melted, the resi-
due from this method can be used
to test for protein and ash.

SPECIFIC GRAVITY

The Honeywell (No. 14) and
Foss (No. 16) systems are very at-
tractive especially for processing
screening due to their speed.

The Honeywell system requires
a large sample but the meat is
recoverable. The system must be
programmed for use with each dif-
ferent type of fresh meat.

The Foss system takes slightly
longer and renders the sample
unusable but it has demonstrated
higher accuracy on fresh meat.

OTHER INSTRUMENTS
X-ray transmission. electrical

‘conductance, infrared reflectance

and magnetic resonance have also
been used for fat analysis instru-
ments. :

X-rays are used in the Anyl-Ray
system (method 19) to measure
that amount that will pass through
a path in the meat. The samples
are 13 Ibs. but they are reusable.
The meat does not have to be
ground but it must be properly

compacted. and free of salt and.
some other additives. Samples
smaller than 13 Ibs. can also be
used if they are thoroughly mixed
and very uniform.

Measurement of the absorption
by meat of infrared light waves
yields very rapid and accurate re-
sults. The accuracy depends on
the size to which the meat is
ground. Substances other than
meat interfere with the measure-
ment so it must be used for fresh
product. :

A ground meat analyzer by Neo-
tec (method 22) is inexpensive, re-
quires only ten seconds and can
take the measurement when the
ground meat is already in a clear
plastic display container. Its accu-
racy is- still being studied by the
USDA but it will certainly prove
useful at least to the retail stores.

A more sophistocated and more
expensive system. under develop-
ment by Computer Concepts, de-
termines the fat, protein and mois-
ture content of an emulsion
smeared over a glass viewing
plate. The three readings are
delivered in ten seconds in a digi-
tal readout display.

Non-specific ~ spectrophotome-
tric equipment costs -over $3000
and would require a skilled techni-
cian. Several companies have used
this same principle in equipment
that is more convenient to use.

The capacitance measurement
devices, Steinlite and AMIF,

- (methods 20 & 21) are sensitive to

variations in temperature.

Using the fact that lean meat
conducts electricity about 20 times
better than fat, the Emme ground

- meat analyzer (method 23) meas-

ures the total leanness of fresh

' meat.

Measurement of an entire 60 lb.
box of meat requires only 10 sec.
Only fresh meat can be tested.

Bruker Scientific has an instru-
ment which measures both fat and
moisture by means of nuclear mag-
netic resonance. The system is fast
(10 séc.—35 min.) but it can only
accept a sample measuring one
cubic centimeter and it costs about
$12.000.

A wet chemistry fat testing syvs-
tem is under development by Tech-
icon.



-

Fat and moisture
testing methods . . .

{Continued from page 24)

Protein content is usually found
by substracting the fat and mois-
ture from the total weight. A rapid
method has been developed by
Baltimore Spice Co. for measuring
protein directly. The instrument is
based on dying of the protein and
measuring the amount of protein-
binding dye which has not been
bound by the protein.

About 15 min. are required for

the test on-a 40 gm sample. No
special technical skill is nesded to
operate the S1100 instrument
Standard deviate from the official
Kjeldahl method are about 0.2.

MOISTURE TESTING

OFFICIAL AOAC METHOD

Testing for moisture is more dif-
ficult than might be expected since
water is bound both chemically
and physically in the meat. In
heating. accurate measurement is
further complicated by the harden-
ing of the surface which makes

evaporation from the interior more
difficult. Raising the temperature
will lead. to inaccurate results due
to fat spattering, sample decom-
position and oxidation.

The official AOAC method
(No. 22, 23, 24 & 26) involves
heating in an air oven at 100-102°
for 16-18 hr., or in a mechanical
convection oven at 125° for 2-4
hr., or in a vacuum oven at 95-100°
for five hr. After cooling. the
weight of the sample is compared
with -its original weight. Though
these methods are very accurate,
simple and inexpensive, they are
quite time consuming. Hot plate
methods are faster but accuracy
suffers somewhat.

Alternatives to slow heating in
ovens include titration, azeotropic
distillation, infrared radiation, mi-
crowave adsorption,- infrared re-
flection, refractometry and gas-lig-
uid chromotography.

INFRARED RADIATION

Moisture balances (methods 29,
30 & 31) reduce the time neces-
sary for evaporation of the mois-
ture to less than one hour and in
one case down to 15 min. Infrared
lamps heat the sample while it is
weighed for weight loss on a scale.
The measurements deviate very lit-
tle from the official méthods.

AZEOTROPIC DISTILLATION

Methods (No. 32, 33 & 34)
$2000. Another accurate, rapid
just as rapid as the infrared radia-
tion devices. Measurement is di-
rect and the methods simple. Some
of these methods have.the advan-
tage of allowing the sample 10 be
used for subsequent fat determina-
tion. The distillation with m-xylene
or cumene (method 34) is not the
most rapid method but it has the
most well established accuracy.

OTHER METHODS

Refractometry of isopropanol
extract of meat (method  35)
proves to be a rapid (5-10 min.)
and accurate method but the cost
of the equipment approaches
$2000.. Another accurate. rapid
and even more expensive method
is  gas-liquid chromatography
(method 36) with- a methanol ex-
tract of meat. The equipment COsts
about $18.000 though the USDA
thinks that a $500 student model
may be applicable.



